In this note, we give the classiÿcation of self-dual F7-codes of length 12 and maximal self-orthogonal codes of lengths 10; 11 and 13. It is also shown that there is no self-dual [16; 8; d ¿ 8] code over F7.
Introduction
In this note, we consider self-dual and maximal self-orthogonal codes over F 7 . For a code C over F 7 , the dual code C ⊥ is deÿned as C ⊥ = {x ∈ F n 7 | x · y = 0 for all y ∈ C} where x · y denotes the standard inner product. The code C is self-orthogonal if C ⊆ C ⊥ and self-dual if C = C ⊥ . A self-dual [n; n=2] code over F 7 exists if and only if n ≡ 0 (mod 4). A self-orthogonal code is called maximal if it is not contained in any larger self-orthogonal code of that length. Two codes C and C are equivalent if there exists an n by n (1; −1; 0)-monomial matrix P with C = CP = {xP | x ∈ C}. The automorphism group Aut(C) of C consists of all n by n (1; −1; 0)-monomial matrices P with C = C P.
Self-dual F 7 -codes of lengths 4 and 8 and maximal self-orthogonal codes of lengths up to 9 were classiÿed in [5] . In this note, we give the classiÿcation of self-dual F 7 -codes of length 12 and maximal self-orthogonal codes of lengths 10; 11 and 13. Our approach is similar to that used in an earlier paper by the present authors [2] . It is also shown that there is no self-dual [16; 8; 8] F 7 -code; therefore, the largest minimum weight of self-dual F 7 -codes of length 16 is 7. From the classiÿcation of self-dual codes of lengths up to 12, it is shown that the smallest length for which there is a self-dual F 7 -code with a trivial automorphism group is 12. Since the codes throughout this paper are F 7 -codes, we omit the ÿeld in the sequel and mean F 7 -codes whenever codes are discussed.
Self-dual codes of length 12
In this section, we classify self-dual codes of length 12 using the same approach as in [2] (see also [4] ). More precisely, this is accomplished by classifying self-orthogonal [6 + t; t] codes for increasing t in the interval 16t66. The number of inequivalent self-orthogonal [6 + t; t] codes for 16t66 turned out to be 12, 62, 347, 628, 250 and 64, respectively, where the last number gives the number of inequivalent self-dual codes of length 12.
The weight distributions of the 64 self-dual codes C 12; 1 ; : : : ; C 12; 64 were determined; the minimum weights d and the numbers A d ; A d+1 ; A d+2 of codewords of weights d; d+1; d+2 are listed in Table 1 . The orders of the automorphism groups |Aut| were also calculated, and the result was veriÿed with the mass formula (which is described below). We list generator matrices (I; G 12; i ) of the codes C 12; i for i = 1; : : : ; 64. In order to save space, only G 12; i is given using the form g 1 ; g 2 ; : : : ; g 6 where g j is the jth row If C can be written as a direct sum C ⊕ C where C and C are self-dual, then C is called decomposable. All inequivalent self-dual codes of lengths 4 and 8 are given in [5, Table 1 ]. We use the notations in [5, Table 1 ] for the self-dual codes. It is easy to see that C 4 ⊕ 2C 2 ; C 4 ⊕ 2C 3 (8); C 4 ⊕ E 1 and C 4 ⊕ E 2 are decomposable codes of length 12. Moreover, all are inequivalent and these codes are equivalent to C 12; 1 ; C 12; 2 ; C 12; 3 and C 12; 4 , respectively.
Mass formulas are useful when attempting to complete the classiÿcation of self-dual codes and maximal self-orthogonal codes. The total number of distinct self-dual codes of length n is given in [3, p. 633] :
Hence, we have the following mass formula:
where C(n) is the set of all inequivalent self-dual codes of length n, and |Aut(C)| denotes the order of the automorphism group of C (cf. [5] ). In order to check that our classiÿcation is complete, we calculate the mass formula as follows: We now compare our codes with four inequivalent bordered double circulant selfdual [12; 6; 6] codes found in [1] . The codes C 1; 1 and C 1; 9 in [1] have A 6 = 432, and C 2; 1 and C 2; 5 in [1] have A 6 = 480. Moreover, the equivalence of one pair of codes C 2; 1 and C 2; 3 in [1] was not determined in that paper. From our classiÿcation, C 1; 1 and C 1; 9 are equivalent to C 12; 62 and C 12; 58 , respectively, and C 2; 1 and C 2; 5 are equivalent to C 12; 63 and C 12; 64 , respectively. In addition, C 2; 1 and C 2; 3 turn out to be equivalent.
The smallest possible automorphism group of a self-dual code is {I; −I }. Such an automorphism group is called trivial. The occurrence of self-dual codes with trivial automorphism groups has been investigated (cf. [6, Section 13.3]). In particular, it is a problem to determine the smallest length for which there is a code with a trivial automorphism group for each class of self-dual codes. For example, the smallest length for which there is a binary doubly-even self-dual code with a trivial automorphism group is 40. Now, we consider this problem for self-dual codes from known classiÿcations given in [5] and the present paper. All the self-dual codes of lengths 4 and 8 have nontrivial automorphism groups [5, Table 1 ]. However, C 12; 34 in Table 1 has a trivial automorphism group. Hence, we have the following: Proposition 2. The smallest length for which there is a self-dual code with a trivial automorphism group is 12.
Self-dual codes of length 16
Proposition 3. There are at least 1570171 inequivalent self-dual codes of length 16.
Proof. From (1), the total number of distinct self-dual codes of length 16 is 2 7 i=1 (7 i + 1). Since the smallest possible automorphism group is of order 2, at least
16!2 16 2 = 918946504001395 585252864 ¿1570170
codes must be inequivalent.
Hence, it seems very hard to classify all self-dual codes of length 16. Even if it is not possible for us to classify the self-dual codes of length 16, it is possible to determine the largest minimum weight of such codes.
The largest minimum weight of self-dual codes of length 16 is 7 or 8 [1] . By restricting the classiÿcation to codes with d¿8, the number of self-orthogonal [8 + t; t; d¿8] codes turned out to be 11, 45, 398, 112, 0, 0, 0, 0 for 16t68. Therefore, we have the following: Theorem 4. There is no self-dual [16; 8; 8] code. The largest minimum weight of selfdual codes of length 16 is 7.
Maximal self-orthogonal codes of lengths 10, 11 and 13
For length n ≡ 2 (mod 4) (resp. n ≡ 1 (mod 2)), a self-orthogonal code of dimension (n − 2)=2 (resp. (n − 1)=2) is maximal (cf. [5] ). The total number of distinct maximal self-orthogonal codes of length n is also known (cf. [5] ):
if n ≡ 2 (mod 4);
(n−1)=2 i=1
(7 i + 1) if n is odd:
where D(n) is the set of all inequivalent maximal self-orthogonal codes of length n, and |Aut(C)| denotes the order of the automorphism group of C (cf. [5] ). We complete the classiÿcation of maximal self-orthogonal codes of lengths 10; 11 and 13 by merely listing the results.
Proposition 5. There are exactly 628; 250 and 28172 inequivalent maximal selforthogonal codes of lengths 10; 11 and 13, respectively.
The above classiÿcations were veriÿed by checking the mass formula (2) .
